Summary

23
The marine cyanobacterium Prochlorococcus, the smallest and most abundant 24 oxygenic phototroph, has an extremely streamlined genome and a high rate of protein 25 evolution. High-light adapted strains of Prochlorococcus in particular have seemingly 26 inadequate DNA repair systems, raising the possibility that inadequate repair may lead 27 to high mutation rates. Prochlorococcus mutation rates have been difficult to determine, 28 in part because traditional methods involving quantifying colonies on solid selective 29 media are not straightforward for this organism. Here we used a liquid dilution method 30 to measure the approximate number of antibiotic-resistant mutants in liquid cultures of 31
Prochlorococcus strains previously unexposed to antibiotic selection. Several antibiotics 32 for which resistance in other bacteria is known to result from a single base pair change 33 were used. The resulting frequencies of antibiotic resistance in Prochlorococcus 34 cultures allowed us to then estimate maximum spontaneous mutation rates, which were 35 similar to those in organisms such as E. coli (~5.4x10 -7 per gene per generation). 36
Therefore, despite the lack of some DNA repair genes, it appears unlikely that the 37
Introduction
47
The marine cyanobacterium Prochlorococcus is the smallest known oxygenic 48 phototroph, both in terms of cell and genome size. It numerically dominates the mid-latitude 49 oligotrophic oceans, and plays a significant role in ocean primary productivity. In addition to a 50 small genome (1.6 -2.4 Mb), an accelerated rate of evolution of protein-coding gene 51 sequences has been observed for Prochlorococcus strains (Dufresne et al., 2005) .
52
The phenomena of accelerated protein evolution and genome size reduction have been 53 associated with the possibility that Prochlorococcus may have a "mutator" phenotype, i.e., an 54 abnormally high spontaneous mutation rate due to missing or impaired DNA repair genes 55 (Marais et al., 2008 (Kettler et al., 2007; Partensky and Garczarek, 2010) , and that mutator strains 62 have been found in many natural populations of bacteria (Tenaillon et al., 1999) . For example, 63 among the missing genes in high light-adapted strain MED4 are some for which mutational 64 inactivation is strongly associated with a mutator phenotype in E. coli and other organisms,
65
including ada and ogt, methyltransferases that remove methyl groups from O-6-methylguanine 66 in DNA, preventing GC to AT transversions (Rebeck and Samson, 1991) , and mutY, an A/G-67 specific DNA glycosylase that removes A from 8-oxo-dG-A or A-G mispairs ((Nghiem et al., 68 1988) ). In addition, recQ (encoding DNA helicase), recJ (encoding single-stranded DNA-69 specific exonuclease), exoI/xseA, and xseB (encoding subunits of exonuclease VII) are also 70 missing from MED4 and are also associated with mutator phenotypes (Rebeck and Samson, 71 1991; Yamana et al., 2010 Table 1 .
113
Cells were first grown in liquid medium (described in Fig. 1 
149
We also tested the spontaneous mutation frequencies of two additional Prochlorococcus 150 strains, high light-adapted MIT9312 (Fig. 1B) , and low light-adapted NATL2A (Fig 1C) 
171
This substitution lies in the same region as second-step mutations in the gyrA gene that lead to 8 ciprofloxacin-resistance in Nal R E. coli strains (Vila et al., 1994; Truong et al., 1997) . No 173 mutations were found in the gene encoding topoisomerase IV subunit A.
174
The intrinsically Nal R cyanobacteria studied here (Fig. S3) 
